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Waterborne Disease OutbreakWaterborne Disease Outbreak

Defined as 2 or more people with similar Defined as 2 or more people with similar 
illnessillness
Voluntary reporting by local, territorial, Voluntary reporting by local, territorial, 
tribal, or State health officialstribal, or State health officials
Test water and patients to verify Test water and patients to verify 
contaminantcontaminant
Estimate # infected, hospitalized, and Estimate # infected, hospitalized, and 
fatalitiesfatalities



Waterborne Disease OutbreakWaterborne Disease Outbreak

Hard to recognize symptomsHard to recognize symptoms
Symptoms can take days after exposure Symptoms can take days after exposure 
to a microbial contaminantto a microbial contaminant
Microbial hard to detect/isolateMicrobial hard to detect/isolate

WBDOsWBDOs are severely are severely 
underestimatedunderestimated



WBDOsWBDOs 19991999--20002000
39 outbreaks associated with drinking water 39 outbreaks associated with drinking water 
were reported by 25 states.were reported by 25 states.

one outbreak spanned 10 states (one outbreak spanned 10 states (SalmonellaSalmonella
BareillyBareilly ););
caused illness 2,068 persons ;caused illness 2,068 persons ;
linked to 2 deaths;linked to 2 deaths;
the microbe or chemical that caused the the microbe or chemical that caused the 
outbreak identified for 22 of the 39 outbreaks; outbreak identified for 22 of the 39 outbreaks; 
20 of the 22 outbreaks associated with 20 of the 22 outbreaks associated with 
pathogens, and 2 were associated with pathogens, and 2 were associated with 
chemical poisoning;chemical poisoning;



WBDOsWBDOs 19991999--2000, continued2000, continued

Of the 17 outbreaks involving acute gastroenteritis Of the 17 outbreaks involving acute gastroenteritis 
of unknown etiology, one was a suspected chemical of unknown etiology, one was a suspected chemical 
poisoning, and the remaining 16 were suspected as poisoning, and the remaining 16 were suspected as 
having an infectious cause. having an infectious cause. 

28 of 39 outbreaks were linked to 28 of 39 outbreaks were linked to ground waterground water
sources; 18 of these 28 ground water outbreaks sources; 18 of these 28 ground water outbreaks 
were associated with private or were associated with private or noncommunitynoncommunity wells wells 
that were not regulated by EPA. that were not regulated by EPA. 





WBDOsWBDOs associated with drinking water, U.S. 2000 (n=24)associated with drinking water, U.S. 2000 (n=24)



WBDOsWBDOs by etiologic agentby etiologic agent



WBDOsWBDOs by type of deficiencyby type of deficiency
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Total Coliform RuleTotal Coliform Rule



HistoryHistory——1986 Amendments to 1986 Amendments to 
SDWASDWA

Proposed Rule: November 3, 1987Proposed Rule: November 3, 1987
Final Rule:  June 29, 1989 [40 CFR Parts 141 Final Rule:  June 29, 1989 [40 CFR Parts 141 
and 142]and 142]

Drinking Water; National Primary Drinking Water Drinking Water; National Primary Drinking Water 
Regulations; Total Coliforms (Including Fecal Regulations; Total Coliforms (Including Fecal 
Coliforms and E. Coli); Final Rule Coliforms and E. Coli); Final Rule 

Currently being reviewed by EPA Currently being reviewed by EPA 



Applies to all regulated public water Applies to all regulated public water 
suppliessupplies
Targets commonly occurring microbial Targets commonly occurring microbial 
contaminants that may cause acute contaminants that may cause acute 
health effectshealth effects
Use coliform as an Use coliform as an ““indicatorindicator”” since we since we 
cancan’’t test for all known t test for all known microbialsmicrobials

Total Coliform Rule (TCR)Total Coliform Rule (TCR)



Types of Microbial PathogensTypes of Microbial Pathogens
BacteriaBacteria

SingleSingle--Celled OrganismsCelled Organisms

Cholera, Cholera, E.coliE.coli 0157:H70157:H7

VirusesViruses

ProteinProtein--Packaged DNA or RNAPackaged DNA or RNA

Norwalk, RotavirusNorwalk, Rotavirus

ProtozoaProtozoa

SingleSingle--Celled OrganismsCelled Organisms

Giardia, CryptosporidiumGiardia, Cryptosporidium



We Use We Use Indicator OrganismsIndicator Organisms
Indicate Potential Presence of DiseaseIndicate Potential Presence of Disease--
Causing OrganismsCausing Organisms

Why?Why?
There are Hundreds of PathogensThere are Hundreds of Pathogens……
Many Cannot be Detected by Existing Many Cannot be Detected by Existing 
TestsTests
Others Require Specific Tests         Others Require Specific Tests         
ResourcesResources

Why We Use Why We Use IndicatorsIndicators



Indicator OrganismsIndicator Organisms

Must Survive In All Types of Water Must Survive In All Types of Water 
(Surface and Ground)(Surface and Ground)

Should Be Present When Pathogens Are Should Be Present When Pathogens Are 
PresentPresent

Should Be More Hardy Than PathogensShould Be More Hardy Than Pathogens



Indicator Organisms cont.Indicator Organisms cont.

Should Be Absent In PathogenShould Be Absent In Pathogen--Free Free 
WaterWater
Detection Should Be Easy And AffordableDetection Should Be Easy And Affordable
Obtain results in a timely manner (48 to 72 Obtain results in a timely manner (48 to 72 
hours)hours)



Total Coliform as an IndicatorTotal Coliform as an Indicator

Advantages:Advantages:
Total Coliform is a General Indicator of a Total Coliform is a General Indicator of a 
Breach in Water System IntegrityBreach in Water System Integrity
Analytical Methods are Simple and AffordableAnalytical Methods are Simple and Affordable
Results available in 48 hoursResults available in 48 hours

12



Total Coliform as an IndicatorTotal Coliform as an Indicator

Limitations:Limitations:

Total Coliform May Grow in Distribution Total Coliform May Grow in Distribution 
Systems (Biofilm)Systems (Biofilm)

Total Coliform / Fecal Coliform Do Not Total Coliform / Fecal Coliform Do Not 
Indicate all Kinds of Contamination (e.g., Indicate all Kinds of Contamination (e.g., 
CryptosporidiumCryptosporidium, , Giardia lambliaGiardia lamblia))



Total Coliform as an IndicatorTotal Coliform as an Indicator

Limitations Example:Limitations Example:
1993 Milwaukee, WI, 1993 Milwaukee, WI, Cryptosporidium Cryptosporidium 
waterborne disease outbreakwaterborne disease outbreak
System did not have coliform positive System did not have coliform positive 
samples, but samples, but CryptosporidiumCryptosporidium present in present in 
waterwater
Over 400,000 illOver 400,000 ill
Over 50 deathsOver 50 deaths



Fecal Coliform BacteriaFecal Coliform Bacteria——
Traditional DefinitionTraditional Definition

Total Coliform Bacteria Total Coliform Bacteria 
That:That:

Ferment Lactose at an Ferment Lactose at an 
ElevatedElevated Temperature Temperature 
WhenWhen UsingUsing Standard (FC) MediaStandard (FC) Media

44.5 +/44.5 +/-- 0.2 C (Body Temperature)0.2 C (Body Temperature)

Fecal indicatorFecal indicator
ShortShort--Lived outside hostLived outside host



Escherichia coliEscherichia coli

E. coliE. coli is a fecal coliformis a fecal coliform

May be a better indicator of sewage or May be a better indicator of sewage or 
fecal fecal ccontaminationccontamination than fecal coliformthan fecal coliform

Method is good, reliable, and timelyMethod is good, reliable, and timely



Escherichia coliEscherichia coli

Hundreds of Strains Hundreds of Strains 
KnownKnown
Most Strains Are Most Strains Are 
Harmless and Live in Harmless and Live in 
the Intestines of the Intestines of 
Healthy Humans and Healthy Humans and 
AnimalsAnimals
Strain O157:H7Strain O157:H7

Produces a Powerful ToxinProduces a Powerful Toxin
Causes Bloody Diarrhea Causes Bloody Diarrhea 
and Occasionally Leads to and Occasionally Leads to 
Kidney FailureKidney Failure



E. coliE. coli O157:H7O157:H7
Sources of OutbreaksSources of Outbreaks

Undercooked Beef, Dairy Products, Raw Undercooked Beef, Dairy Products, Raw 
Vegetables,  Drinking WaterVegetables,  Drinking Water

SymptomsSymptoms
Occur in 1Occur in 1--9 Days (3 Average); Recover in 9 Days (3 Average); Recover in 
~ 8 Days~ 8 Days
Watery Diarrhea With Abdominal Pain/ Watery Diarrhea With Abdominal Pain/ 
Bloody Diarrhea; Little or No FeverBloody Diarrhea; Little or No Fever
Some Develop Some Develop HaemolyticHaemolytic UremicUremic
Syndrome (HUS)Syndrome (HUS)

Kidney Failure May Occur, Some Cases are Kidney Failure May Occur, Some Cases are 
FatalFatal



E. coliE. coli O157:H7O157:H7
New York Fair OutbreakNew York Fair Outbreak

Waterborne disease outbreakWaterborne disease outbreak
Sept 1999Sept 1999
1,000 people affected1,000 people affected
760 hospitalized760 hospitalized
2 deaths (32 deaths (3--yr old and 79yr old and 79--yr old)yr old)
Cause:  Cattle manure or nearby septic Cause:  Cattle manure or nearby septic 
tank impacted shallow well, no tank impacted shallow well, no 
chlorinationchlorination



TCR UpdateTCR Update

EPA is reviewing TCREPA is reviewing TCR-- could see some could see some 
changeschanges
Distribution Rule being consideredDistribution Rule being considered

A number of waterborne disease outbreaks A number of waterborne disease outbreaks 
(WBDO) attributed to the distribution system(WBDO) attributed to the distribution system
Estimated 25% of WBDO 1991Estimated 25% of WBDO 1991--2000 due to 2000 due to 
distribution system deficienciesdistribution system deficiencies



Distribution ConcernsDistribution Concerns

Backflow/Backflow/BacksiphonageBacksiphonage
Cross Connection ControlCross Connection Control

Physical openings for Physical openings for 
contaminant entrycontaminant entry

Holes in storage tanksHoles in storage tanks
Broken pipesBroken pipes



Distribution ConcernsDistribution Concerns

Leaching, Permeation, Leaching, Permeation, BiofilmsBiofilms

Looking for better indicators for problemsLooking for better indicators for problems



WBDOWBDO-- Gideon, MissouriGideon, Missouri

Gideon, MissouriGideon, Missouri
19931993
Holes in storage tank, Holes in storage tank, 
birds accessed tank birds accessed tank 
interiorinterior
Bird droppings contained Bird droppings contained 
SalmonellaSalmonella
625 people ill, 15 people 625 people ill, 15 people 
hospitalized, 7 deathshospitalized, 7 deaths



WBDOWBDO-- Cabool, MissouriCabool, Missouri

Cabool, MissouriCabool, Missouri
19891989--9090
Main rupture due to cold weather, water Main rupture due to cold weather, water 
line contaminated with sewage that line contaminated with sewage that 
entered during wet weather, entered during wet weather, 
hypochlorinationhypochlorination not practiced during not practiced during 
repairrepair
E. coliE. coli O157 foundO157 found
243 people ill, 32 people hospitalized, 4 243 people ill, 32 people hospitalized, 4 
deathsdeaths



Ground Water RuleGround Water Rule



Ground Water RuleGround Water Rule

Proposed May 10, 2000Proposed May 10, 2000
Finalized October 2006Finalized October 2006
Prompted by deaths Prompted by deaths 
associated with associated with 
unchlorinatedunchlorinated well used at well used at 
New York State FairNew York State Fair-- E. coliE. coli
outbreak and deathsoutbreak and deaths



Ground Water Rule (GWR) Ground Water Rule (GWR) 
BackgroundBackground

GWR passed to address pathogens in GWR passed to address pathogens in 
ground waterground water
Some pathogens canSome pathogens can

Live for long periods outside its host (years) Live for long periods outside its host (years) 
(viruses in particular) (viruses in particular) 
Survive in deep aquifers (200 feet)Survive in deep aquifers (200 feet)
Travel Travel ¼¼ mile (or more?)mile (or more?)
And still cause infectionAnd still cause infection



Ground Water Rule (GWR) Ground Water Rule (GWR) 
BackgroundBackground

New York State fair WBDONew York State fair WBDO
Island Park, Idaho, 1996 WBDOIsland Park, Idaho, 1996 WBDO

Broken sewer main contaminated a wellBroken sewer main contaminated a well
ShigellaShigella outbreakoutbreak
83 people ill83 people ill

GWR documents many other GWR documents many other WBDOsWBDOs



Ground Water RuleGround Water Rule
Sanitary surveysSanitary surveys
Source water monitoring for coliform Source water monitoring for coliform 
positive samples from routine TCR positive samples from routine TCR 
monitoringmonitoring
Assessment monitoring for high risk Assessment monitoring for high risk 
systems (State option)systems (State option)
Corrective action for significant sanitary Corrective action for significant sanitary 
deficiencies or fecal contaminationdeficiencies or fecal contamination



Sanitary SurveysSanitary Surveys

Frequency: Every 3 years for CWS and 5 Frequency: Every 3 years for CWS and 5 
years for NCWSyears for NCWS
Key components:Key components:

State must address 8 EPA/ASDWA componentsState must address 8 EPA/ASDWA components
States must have corrective action authorityStates must have corrective action authority
Systems must fix significant deficienciesSystems must fix significant deficiencies

90 days or alternate schedule 90 days or alternate schedule 
Treat if uncorrectedTreat if uncorrected

Systems must provide written certification that Systems must provide written certification that 
correction was completedcorrection was completed



Sanitary Surveys Sanitary Surveys –– Eight Essential Eight Essential 
ElementsElements

1.  Source

2.  Treatment

3.  Distribution System

4.  Finished Water Storage



Sanitary Surveys Sanitary Surveys –– Eight Essential Eight Essential 
ElementsElements (Cont(Cont’’d)d)

5.  Pumps/Pump Facilities and Controls5.  Pumps/Pump Facilities and Controls

6.  Monitoring/Reporting/Data Verification6.  Monitoring/Reporting/Data Verification

7.  Water System Management/Operations7.  Water System Management/Operations

8.  Operator Compliance with State 8.  Operator Compliance with State 
RequirementsRequirements



Source Water MonitoringSource Water Monitoring

Key components:Key components:
If TCIf TC--positive, then collect samples at the positive, then collect samples at the 
source unless shown to be distribution source unless shown to be distribution 
specificspecific
If fecal contamination detected If fecal contamination detected 

Eliminate source of contaminationEliminate source of contamination
Develop alternate sourceDevelop alternate source
4 logs of virus inactivation/removal4 logs of virus inactivation/removal



What is Microbial Inactivation?What is Microbial Inactivation?

Render the Organism Unable to Cause Render the Organism Unable to Cause 
DiseaseDisease

Kill the organismKill the organism
Prevent organism from replicating by Prevent organism from replicating by 
disrupting DNAdisrupting DNA

Viruses are pathogen of concern for Viruses are pathogen of concern for 
ground water systemsground water systems
CryptoCrypto and and GiardiaGiardia present in surface present in surface 
waterwater



Factors Affecting Microbial Factors Affecting Microbial 
InactivationInactivation

Organism Disinfectant ResistanceOrganism Disinfectant Resistance
Disinfectant Concentration Disinfectant Concentration 
Contact Time Contact Time 
Competing/Shielding of Other ParticlesCompeting/Shielding of Other Particles
Water TemperatureWater Temperature
Water pHWater pH



Types of DisinfectantsTypes of Disinfectants
ChlorineChlorine
ChloraminesChloramines

chlorine and ammoniachlorine and ammonia
Chlorine DioxideChlorine Dioxide

ClOClO22 gas generated ongas generated on--sitesite
OzoneOzone

OO33 gas generated ongas generated on--sitesite
UV LightUV Light



Quantifying Microbial Quantifying Microbial 
InactivationInactivation

Log InactivationLog Inactivation
LogLog1010
Organism and disinfectant specificOrganism and disinfectant specific

CT ConceptCT Concept
C = chlorine residual concentrationC = chlorine residual concentration
T = contact time, function of basin/pipeline T = contact time, function of basin/pipeline 
size, baffling, and hydraulicssize, baffling, and hydraulics



CT (minCT (min--mg/L) Values for 4mg/L) Values for 4--log log 
Virus Inactivation by Free ChlorineVirus Inactivation by Free Chlorine

1515222525
2222332020
3030441515
4545661010
60608855
909012120.50.5

pHpH
1010

pHpH
66--99

TemperatureTemperature
CelsiusCelsius



UV Dose (mJ/cmUV Dose (mJ/cm22) from ) from 
LT2ESWTRLT2ESWTR

186186222222224.04.0
163163151515153.53.5
143143111112123.03.0
1211217.77.78.58.52.52.5
1001005.25.25.85.82.02.0
79793.03.03.93.91.51.5
58582.12.12.52.51.01.0
39391.51.51.61.60.50.5

VirusesVirusesGiardiaGiardiaCryptoCrypto--
sporidiumsporidium

Log CreditLog Credit



Other Health Effects Other Health Effects –– organic and inorganic organic and inorganic 

DBPsDBPs –– cause bladder cancer and cause bladder cancer and 
reproductive effectsreproductive effects

Stage 1 Stage 1 –– 140 million people receiving 140 million people receiving 
increased protection from DBPsincreased protection from DBPs

Lead Lead –– damage to brain, red blood cells damage to brain, red blood cells 
and kidneys, esp. children and pregnant and kidneys, esp. children and pregnant 
womenwomen



Other Health Effects Other Health Effects –– organic and inorganicorganic and inorganic

CopperCopper –– stomach and intestinal distress, stomach and intestinal distress, 
liver/kidney damage liver/kidney damage 

ArsenicArsenic –– bladder and lung cancerbladder and lung cancer

Other Other chemschems in general in general -- nervous system, nervous system, 
liver, kidneys, cancer, intestinal problems, liver, kidneys, cancer, intestinal problems, 
bone diseasebone disease



SummarySummary

Many Many microbialsmicrobials present in the environmentpresent in the environment

TCR good indicator, but has limitationsTCR good indicator, but has limitations

Ground Water Rule attempts to address viruses Ground Water Rule attempts to address viruses 
in ground water suppliesin ground water supplies

Systems still vulnerable to contaminationSystems still vulnerable to contamination

Look for TCR revisions and Distribution RuleLook for TCR revisions and Distribution Rule


